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Synopsis 

The roots of 57 species of the Ginkgoales, Taxales, and Coniferales were examined for the 
presence of nodules of the Podocarpus -type and for the occurrence of mycorrhizal associations. 
Of the conifers, those placed in the Araucariaceae, Podocarpaceae, and Sciadopityaceae all bore 
nodules, whereas species of the Cupressaceae, Pinaceae, and Taxodiaceae did not. No nodules 
were observed on Qingko biloba or Taxus baccata. 

Vesicular-arbuscular mycorrhizas were of general occurrence amongst the plants examined 
except for the members of the Pinaceae, which bore the ectotrophic type. 


Introduction 

Records of the occurrence of root nodules amongst the Ginkgoales, Taxales 
and Coniferales have been tabulated by Allen and Allen (1965) and a fuller report 
of the occurrence of structures variously described as exostoses, mamelons, 
tubercles, and nodules is given in Table 1. However, apart from the records 
for Podocarpns spp. by numerous authors, for Dacrydium franklinii , Micro- 
cachrys tetragona , Phyllocladus trichomanoides and Saxegothaea conspicua by 
Sprat (1912), for Pherosphaera hookeriana (Microstrobm niphophilus) and P . 
fitzgeraldii (M. fitzgeraldii) by Saxton (1930a, 1930&) and for species of Agathis, 
Dacrydium , and Phyllocladus by Baylis et al . (1963), no evidence has been reported 
which indicates that the structures described differ in any way from short roots. 


Table 1 

Records of the Presence of Nodules Amongst the Coniferales 


Family, Genus and Species 

Literature Citations 

Araucariaceae 

Agathis australis 

Cockayne, 1921 ; Yeates, 1924 ; Bieleski, 1959 ; Baylis 
et al., 1963 ; Morrison and English, 1967. 

A. robusta 

Janse, 1897 (as Dammara robusta). 

A. vitiensis 

Allen and Allen, 1965. 

Araucaria spp. 

Hooker, 1854. 

A. angustifolia 

Daugherty, 1963. 

A. heterophylla 

Janse, 1897 ; Yeates, 1924 (both as A . excelsa). 

Cupressaceae 

Cupressus sp. 

Hooker, 1854. 

C. sempervirens 

Janse, 1897 (as C. fastigiata). 

Libocedrus bidwillii 

Yeates, 1924. 

Sabina chinensis 

Janse, 1897 (as Juniperus chinensis). 

Thuja sp. ( Platycladus ?) 

Hooker, 1854. 

Pod oc arpace ae 

Acmopyle pancheri 

Sahni (1920). 

Dacrydium sp. 

Hooker (1854). 

* Present address : University of Panjab, New Campus, Lahore, West Pakistan. 
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Table 1 — Continued 

Records of the Presence of Nodules Amongst the Coniferales — Continued 


Family, Genus and Species Literature Citations 


Podocarpaceae — Continued 
D. bidwillii 
D . biforme 
D. colensoi 
D. cupressinum 
D. intermedium 
D. franklinii 
D. kirkii 
D. laxifolium 

Microcachrys tetragon a . . 
Microstrobos fitzgeraldii 
M. niphophilus 
Phyllocladus sp. . . 

P. alpinus 
P . glaucus 
P. trichomanoides 
Podocarpus spp. . . 

P. acuiifolius 
P. blumei 
P. dacrydioides 

P . elatus 
P. elongatus 

P. falcatas. . 

P. ferrugineus 
P. gracilior 
P. hallii 
P. henkelii 
P. imbricatus 
P. latifolius 

P. macrophyllus 

P. macrophyllus var. maki 
P. nagi 


P. neriifolius 


P. nivalis 
P. nubigenus 

P . “ prostrata ” (no such name 
known) 

P. rospigliosii 
P. salignits 
P. spicatus 
P. spinulosus 
P. totara 

P. “ variegatus ” (a cultivar ?) 

P. wallichianus 
Saxegothaea conspicna 
Taxodiaceae 

Cunninghamia sp. 

Taxodinm sp. 


SCIADOPITYACEAE 

Sciadopitys verticillata 


Yeates, ex Allen and Allen. 1965. 

Yeates, 1924 ; Baylis et al ., 1963. 

Yeates, 1924. 

Yeates, ex Allen and Allen, 1965 ; Baylis et al ., 1963. 
Yeates, ex Allen and Allen, 1965 : Baylis et al ., 1963. 
Sprat, 1912. 

Yeates, ex Allen and Allen. 1965. 

Yeates, ex Allen and Allen, 1965. 

Sprat, 1912. 

Saxton, 1930a, 19306 (as Pherosphaera fitzgeraldii). 
Saxton, 1930a, 19306 (as Pherosphaera hookeriana). 
Hooker, 1854. 

Baylis et al. , 1963. 

Yeates, ex Allen and Allen. 1965. 

Sprat. 1912. 

Hooker, 1854 : von Tubeuf, 1896, according to Nobbe 
and Hiltner, 1899; Bond, 1959. 

Yeates, ex Alien and Allen, 1965. 

Becking, 1965. 

Hooker, 1865 ; Petri, 1903 : Yeates, 1924 : Baylis 
et al ., 1963. 

Petri, 1903 ; McLuekie, 1923. 

Petri, 1903 ; Sprat, 1912 ; Phillips, 1932 (both as 
P. elongatus and P . thunberqii var. anqustifolia). 
Phillips, 1932. 

Yeates, 1924 ; Baylis et al.. 1963. 

Parker, 1932. 

Yeates, 1924 : Baylis et al., 1963. 

Phillips, 1932. 

Janse, 1897 (as P. cupressinus). 

Saxton, 1930 (as P. thunbergii) : Phillips, 1932 ; Bond, 
1967. 

Nobbe and Hiltner, 1899 ; Shibata, 1902 ; Petri, 1903 ; 

Schaede, 1943 (all as P. chinensis) : Petri, 1903. 
Becking, 1965. 

von Tubeuf, 1896. according to Nobbe and Hiltner, 
1899 : Shibata. 1902 (both as P. nageia) ; Becking, 
1965. 

van Tiegham, 1970, according to Becking, 1965; von 
Tubeuf, 1896, according to Shibata, 1902 : Egle and 
Munding, 1951 ; Becking, 1965. 

Yeates, ex Allen and Allen, 1965 ; Bond, 1967. 

Schaede, 1943. 

Yeates, ex Allen and Allen, 1965. 

Furman, 1964 ; Becking, 1965. 

Sprat, 1912 ; Bottomley, 1913 (both as P. chilina). 
Yeates, 1924 : Baylis et al ., 1963. 

McLuekie, 1923. 

Sprat, 1912 ; Yeates, 1924 ; Baylis et al. y 1963. 
Ferreira dos Santos, 1947, ex Allen and Allen. 1965. 
Petri, 1903 (as P. latifolia Wall.). 

Sprat, 1912. 

Hooker. 1854. 

Hooker, 1854. According to Hooker, the elder 
de Candolle had earlier noted exostoses on T. distichum 
( Theorie Elementaire, Ed. 2, p. 356). 

TJemura, 1964. 
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Allen and Allen (1965) found no nodules on Ginkgo biloba and, although 
they recorded Hiltner (1903) as having reported their occurrence, no evidence 
of this could be found in his paper. Similarly, it was not found that Yeates 
(1924) had recorded nodules on Araucaria cunninghamii. 

Uemura (1964) appears to be the only person to have reported nodules on 
Sciadopitys verticillata , stating that they closely resembled those of Podocarpus 
macro phyllux but were smaller and appeared as u narrow ellipsoides He 
gave no detail of their structure but reported that Noelle (1910) and Laing (1923) 
had found them to be myeorrhizal. These authors, however, recorded the 
presence of endotrophic myeorrhizas but made no mention of nodules. 

Daugherty (1963) saw beaded roots on the fossil Araucariorhiza joae and 
suggested that the bulb-like expansions at the tips might possibly be incipient 
nodules. Such an occurrence, however, has not been observed in living conifers 
and it seems probable that he was observing beaded roots at the commencement 
of a new growth cycle. 

It has noAV been shown that the nodules of Podocarpux spp. develop as normal 
features of the roots, are not dependent on any microorganisms for their develop¬ 
ment, and differ markedly from short roots, being fully differentiated structures 
with no root cap or apical meristem and with an endodermis surrounding and 
overarching the vascular strand (Khan, 1967). Hence, in view of the uncertainty 
concerning the nature of many of the structures described as exostoses, mamelons, 
tubercles, and nodules for other members of the Coniferales and for members of 
the Ginkgoales and Taxales, the survey reported below was carried out. 

Plants were obtained from a variety of sources in New South Wales, their 
root systems examined for the presence of nodule-like structures, and sections 
made to observe their anatomy. 

Results and Discussion 

The results of this survey are set out in Table 2. All species of the 
Araucariaceae, Podocarpaceae and Sciadopityaceae examined bore nodules 
analogous to those described for Podocarpus spp., bore short roots as well, 
produced beaded roots as a result of metacutization and subsequent regrowth, 
and contained a vesieular-arbuseular endophyte in the cortices of both the 
nodules and young roots. 


Table 2 

A Record of Nodide-s. Myeorrhizas and Beaded Rootlets Observed on Species of the Ginkgoales , Taxales 

and Coniferales 

( 4- = present, — = absent, V = vesicular-arbuscular, E=ectotrophic) 


Order, Family, Genus, Species 

Nodules 

Beaded 

Rootlets 

Mycorrhiza 

Ginkgoales 

Ginkgoaceae 

Gingko biloba L. 

— 

4 


Taxales 

Taxaceae 

Taxus baccata L. 

— 

+ 

4V 

Coniferales 

Araucariaceae 

Agathis australis Salisbury . . 

4 

4 

+v 

-4. dammara (Lambert) L. C. Bichard 

+ 

4 

TV 

A. moorei (Lindley) Masters 

4 

4 

+v 

A. robusta (C. Moore) F. M. Bailey 

+ 

4 

+v 

A. vitiensis (Seeman) Drake. . 

4 

4 

+V 

Araucaria araucana (Molina) K. Koch 

-h 

4 

+v 

A. cunninghamii Aiton ex D. Don. . 

4* 

+ 

+V 

A. heierophylla (Salisbury) Franco . . 

+ 

4 

+V 

.4. columnaris (Forster f.) Hooker . . 

+ 

4 

+V 
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Table 2 

A Record of Nodules, Mycorrhizas and Beaded Rootlets Observed on Species of the GinkgoaPs t Taxales 

and Conifer ales 

(4=present, — =absent, Y=vesicular-arbuscular, E = ectotrophic) 


Order, Family, Genus, Species 

Nodules 

Beaded 

Rootlets 

Mvcorrhiza 

ClJPRESSACEAE 

Austrocedrus chilensis (D. Don) Florin et 
Boutelje 




Callitris muelleri (Pari.) F. Mueller. . 

— 

— 

rV 

C. columellaris F. Mueller 

— 

— 

4V 

C. rhomboidea R.Br. ex A. et L. C. Richard 


_ 

-V 

Chamaecyparis obtusa (Sieb. et Zucc.) Endl. 

— 

-L 

4 Y 

Cupressus arizonica Greene . . 

— 

4 

— V 

C. funebris Endl. 

— 

4 

-t-V 

C. glabra Sudworth 

— 

4 

4 Y 

C. sempervirens L. 

— 

4 

4 Y 

C. torulosa D. Don 

— 

+ 

4 V 

Fokienia hodginsii (Dunn) Henry et Thomas 

— 

4 

4 Y 

Juniperus communis L. 

— 

4 

4 Y 

Libocedrus plumosa (D. Don) Sargent 

— 

4 

4V 

Platycladus orientalis (L.) Franco . . 

— 

— 

4-Y 

Thujopsis dolabrata (L.f.) Sieb. et Zucc. . . 

— 

— 

— 

Tetraclinus articulata (Vahl) Masters 

— 

— 

-Y 

Widdringtonia whytei Rendle 

— 

— 

-Y 

PlNACEAE 

Abies nordmanniana (Steven) Spach 


4 

-r-E 

Cedrus deodara Loudon 

— 

— 

4E 

Keteleeria davidiana (Bertrand) Beissner . . 

— 

+ 

PE 

Larix kaempferi (Lambert) Carrie re 

— 

4 

-E 

Picea abies (L.) Karsten 

— 

4 

-f-E 

Pinus radiata D. Don 

_ 

4 

4E 

P. wallichiana A. B. Jackson 

— 

4 

-f-E 

Pseudotsuga menziesii (Mirbel) Franco 

— 

— 

4E 

Tsuga canadensis (L.) Carriere 

— 

— 

4-E 

PODOCARPACEAE 

Dacrydium franklinii Hooker f. 


4 

r Y 

Microstrobos fitzgeraldii (F. Mueller) Garden 
et Johnson 

4 

4 

— Y 

Phyllocladus hypophyllus Hooker f.. . 

4 

4 

-i-Y 

P. trichomanoides D. Don 

4- 

4 

4 Y 

Podocarpus brassii Pilger 

_L. 

4 

4 V 

P. compactus Wasscher 

4- 

4 

4- V 

P. elatus R.Br. ex Endl. 

+ 

4 

4 V 

P. falcatus (Thunberg) R.Br. 

+ 

4 

-Y 

P. ladei F. M. Bailey 

-L 

4 

4Y 

P. latifolius (Thunberg) R.Br. 

4- 

4 

4V 

P. lawrencei Hooker f. . . . . . . 

4 

4 

-rY 

P. macrophyllus (Thunberg) D. Don 

4 

4 

4 Y 

P. spinulosus (Sm.) R.Br. ex Mirbel 

4 

4 

-Y 

Taxodiaceae 

Cryptomeria japonica (L.f.) D. Don 


4 

— Y 

Cunninghamia lanceolata (Lambert) Hooker 

— 

4 

—Y 

Glyptostrobus pensilis (Staunton ex D. Don) 
K. Koch . 



4-Y 

Metasequoia glyptostroboides Hu et Cheng . . 

— 

— 

-r-V 

Sequoia sempervirens (Lamb.) Endl. 

— 

— 

rV 

Sequoiadendron giganteum (Lindl.) Bucholz . . 

_ 

— 

4-Y 

Taxodium distichum (L.) L. C. Richard 

— 

— 

r-Y 

T . mucronatum Tenore 

— 

— 

4 V 

SCIADOPITYACEAE 

Sciadopitys verticillata (Thunberg) Sieb. et 
Zucc. 

4 

4 

4Y 
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All members of the Podocarpaceae examined bore numerous nodules, of 
more or less uniform size -within a species and usually in two opposite rows, 
giving the roots a most distinctive appearance (PI. i, Fig. a). The size of the 
nodules varied according to the species, the smallest (0-3-0 -5 mm. diameter) 
being those of Microstrobus fitzgeraldii , those of Phyllocladus hypophyllus , P. 
trichomanoides and Dacrydium franklinii being medium sized (0-5-0-9 mm.), 
and those of Podocarpus spp. being the largest (0*8-1-5 mm.). As observed by 
Sprat (1912) and Baylis et al. (1963), the vascular strand in species with small 
nodules is very rudimentary, but in Podocarpus spp. it is sufficiently developed to 
show a diarch structure. Unfortunately, material of Microcachrys and Acmopyle 
was not obtained, as it would be particularly interesting to confirm the occurrence 
of nodules in these genera. The only record for Acmopyle is that for Acmopyle 
pancheri by Sahni (1920). He reported that the roots of this plant bore tubercles 
but gave no details of their structure, and his only illustration was of a longi¬ 
tudinal section of what he claimed to be a tubercle regenerating and becoming 
a root. This illustration shows no evidence of the structure peculiar to the 
nodules of other genera of the Podocarpaceae. 

In the Araucariaceae the roots of all species of Agathis and Araucaria 
examined bore nodules analogous to those occurring in Podocarpus , although 
they were more elongated and arranged in a much less regular fashion (PI. i, 
Fig. b). The root systems of these plants, therefore, presented a much less 
characteristic appearance than those of members of the Podocaipaceae. Only 
in Araucaria araucana was anything approaching the regular arrangement 
occurring in Podocarpus seen. However, although the nodules in Agathis and 
Araucaria were elongated and less regularly arranged, they were structurally 
analogous to those of Podocarpus , being fully differentiated, lacking a root cajj 
and apical meristem and having a vascular strand completely overarched by the 
endodermis (PI. i, Fig. c). Like the nodules of members of the Podocarpaceae, 
they exhibited regeneration from cells of the pericycle, and it seems reasonable 
to suppose that they occur throughout the Araucariaceae. 

The only other plant on which such nodules were found was Sciadopitys 
certicillata (PL i, Fig. d ), the single representative of the family Sciadopityaceae. 
Here again the nodules were elongated, variable in size, and arranged irregularly. 
These nodules, too, exhibited regeneration from the pericycle. 

All members of the Pinaceae examined were involved in mycorrhizal 
associations of the ectotrophic type and had short roots, each with an apical 
meristem, open-ended endodermis, and root cap. Several of them had developed 
beaded rootlets as well. 

In Ginkgo biloba , Taxus baccata , and all members of the Cupressaceae and 
Taxodiaceae examined, the long roots bore short lateral roots only and, with the 
exception of Austrocedrus chilensis and Thujopsis dolabrata , contained vesicular- 
arbuscular endophytes. Many of them were exhibiting beaded rootlets as well, 
and it may web be that these occur also in those species for which they were not 
recorded in this survey, just as A. chilensis and T. dolabrata would be expected 
to be mycorrhizal under other circumstances. 

The root systems of many of these plants, with their short roots and beaded 
rootlets, bore a striking resemblance to those of members of the Araucariaceae. 
Thus it is not surprising that authors should have reported the presence of 
nodules on their root systems and even, as was done by Janse (1897), on angio- 
sperms such as Acer spp., which have root systems very similar in appearance. 

As a result of the present survey, then, a clear pattern has emerged with 
regard to the occurrence of nodules and mycorrhizas amongst the Ginkgoales, 
Taxales and Coniferales. Nodules of the Podocarpus- type have been found only 
in the Araucariaceae, Podocarpaceae and Sciadopityaceae, and vesicular- 
arbuscular mycorrhizas seem to be of general occurrence in all families except 
the Pinaceae, the members of which form the ectotrophic type. It must be 
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emphasized, however, that most of the plants examined were growing* in cultiva¬ 
tion far from their natural habitats and only a selection of species was examined. 
Thus there may well be exceptions to the generalization stated above. As far 
as mycorrhizas are concerned, it may yet be shown that some species can form 
more than one type. Such an occurrence, for instance, is reported by Filer 
(1969), who records, amongst other observations, that Quercus phellos and Populus 
deltoides have mostly ectotrophic, frequently eetendotrophic, and sometmies 
endotrophie mycorrhizas. 

The taxonomic significance of the occurrence of nodules has been mentioned 
by Sprat (1912), who discusses the affinities of the Podocaipaceae and Araucari- 
aceae, noting that they have much the same geographical distribution. Both 
she and Saxton (1930&) regard the universal occurrence of nodules to be a factor 
lending weight to the grouping of genera in the Podocarpaceae. 

The occurrence of nodules in Sciadopitys is also a factor strengthening the 
separation of this monotypie genus from the Taxodiaceae and its placement in a 
family of its own. This Japanese plant occurs within the distribution of 
Podocarpus and, according to Baltimore and Jackson (1966), Greguss places it in 
the Podocaipaceae on the basis of the similarities in wood structure. In the 
present study it was also observed that when the short roots became dormant 
the tips underwent the same type of metacutization as that observed in 
Podocarpus . 

It is unfortunate that the word u nodule ” should have been applied at all 
to stiuctures produced laterally on the root systems of conifers and their relatives, 
since it suggests analogies with the nodules of legumes and plants such as 
Casuarina spp. Had they been given a different name to begin with, it is doubtful 
whether confusion would ever have arisen in the literature concerning their 
function and mode of origin. Much work still remains, however, before it can be 
decided whether or not their function differs in any way from that of other roots 
with vesicular-arbuscular endophytes. 

Acknowledgements 

The writers particularly wish to thank Mr. J. Fairburn for taking the 
photographs, members of the National Herbarium of N.S.W. for checking the 
names of all the plants examined, and Dr. I. V. Newman for his advice and 
assistance. 


References 

Allen, E. K., and Allen, O. N., 1965.—Nonleguminous plant symbiosis. Proc. 2jth a. Biol. 
Golloq ., Ore. St. Coll., Gilmour, C. M., and Allen, O. N.. eds. Oregon State University Press, 
Corvallis, pp. 77-106. 

Bavliss, G. T. S.. McNabb, R. F. R.. and Morrison. T. M., 1963.—The mycorrhizal nodules 
of Podocarpus. Trans. Br. tnycol. Soc., 46 : 378-384. 

Becking, J. H., 1965. -Nitrogen fixation and mycorrhiza in Podocarpus root nodules. PL Soil, 
23 : 213-226. 

Bieleski, R. L., 1959.—Factors affecting growth and distribution of the kauri (Agathis australis 
Salisb.). Aust. J. Bot ., 7 : 252-294. 

Bond, G., 1959. — The incidence and importance of biological fixation of nitrogen. Advmt Sci., 
Bond., 15 : 382-386. 

-—, 1967. —Fixation of nitrogen by higher plants other than legumes. A. Rev. PI. Physiol.. 

18 : 107-126. 

Bottomley, W. B., 1913.—The root nodules of the Podocarpaceae. Rep. Br. Ass. Advmt Sci., 
82 : 679. 

Cockayne, L., 1921. — The Vegetation of New Zealand. Leipzig. 

Dallimore, W., and Jackson, A. B., 1966.— A Handbook of the Coniferae and Ginkgoaceae , 4th 
ed., revised by S. G. Harrison. Edward Arnold, London. 

DiUGHERTY, L. H., 1963.—Triassic roots from the Petrified Forest National Park. Am. ,J. Bot., 
50 : 802-805. 

Egle, K., and Mending, H., 1951.—Uber den gehalt an Haminkopen in den Wurzelknollchen 
von Nicht-Leguminosen. Naturwissenschaften, 38 : 548-549. 

Filer, T. H., Jr., 1969.—Mycorrhiza© in twenty southern bottomland hardwoods. Abs. Papers, 
XI Internat. bot. Congr., p. 59. 


Proceedings of the Linnean Society of New South Wades, Vol. 97, Part 1 


Pkoc. Linn. Soc. N.S.W., Vol. 97, Part 1 Plate i 



Plate i 

(a) Root of Podocarpus spinulosus showing nodules, xl}. 

(b) Root of Araucaria cunninghamii showing nodules and beaded rootlets. x 1£. 

(c) Longitudinal section of nodule of A. cunninghamii , showing endodermis enclosing the vascular 
system and absence of root cap and apical meristem. X 24. 

{d) Longitudinal section of nodule of Sciadopitys verticillata. x 24. 










A. G. KHAN AND P. G. VALDER 


41 


Furman. T. E.. 1964.—Mycorrhizal nodules of Podocarpus. Abs. in Bull. ecol. Soc. Am., 46 : 161. 

Hiltner. L., 1903.—Beitrage zur Mykorrhizafrage. I. Uber die biologische und physiologische 
Bedeutung den endotropen Mykorrhiza. Naturw. Z. Forst-u. - Landw., 1 : 9-25. 

Hooker. 4. D., 1854.—On some remarkable spherical exostoses developed on the roots of various 
species of Coniferae. Proc . Linn. Soc. Lond., 2 : 335-336. 

Janse, J. M., 1897.—Les endophytes radicaux de quelques plantes javanaises. Annls Jard. 
hot. Buitenz ., 14 : 53—201. 

Khan. A. G., 1967. — Podocarpus root nodules in sterile culture. Nature, Lond., 215: 1170. 

McLuckie, J., 1923. — Studies in symbiosis. III. Contribution to the morphology and physiology 

of the root nodules of Podocarpus spinulosa and P. data. Proc. Linn. Soc. N.S.W., 48 : 
82-93. 

Morrison, T. M., and English, D. A., 1967. — The significance of mycorrhizal nodules of Agathis 
australis. New Phytol., 66 : 245-250. 

Xobbe, F., and Hiltner, L., 1899.- Die endotrophe Mykorrhiza von Podocarpus und ihre 
physiologische Bedeutung. Landwn VersStnen, 51 : 241-245. 

Xoelle, W., 1910.—Studien zur vergleichenden Anatomie und Morphologic der Koniferenwurzeln 
mit Rucksichtauf die Systematik. Bot. Ztg, 68 : 169—266. 

Parker, R. N., 1932. — Casuarina root nodules. Indian Forester, 58 : 362-364. 

Petri. L.. 1903. —Ricerche sul significato morfologico e fisiologico dei prosporidi (sporangioli 
di Janse) nelle micorize endotrophiche. Nuovo G. bot. ital., 10 : 541-562. 

Phillips, J.. 1932.^Root nodules of Podocarpus. Ecology, 13 : 189-195. 

Sahni, B.. 1920.—On the structure and affinities of Acmopyle pancheri Pilger. Phil. Trans. 
R. Soc.. 210: 253-310. 

Saxton, W. T.. 1930a.- The root nodules of Podocarpaceae. S. Afr. J. Sci.. 27 : 323-325. 

, 19306.—Notes on conifers. VII. Pherosphaera hookeriana Archer. Ann. Bot.. N.S., 
44 : 957-963. 

Schaede. R., 1943.—Die Symbiose in den Wurzelknollchen der Podocarpeen. Planta, 33 : 
703-720. 

Shibata. K.. 1902.— Cytologische studien uber die endotrophen Mvkorrhizen. Jb. wiss. Bot.. 
37 : 643-684. 

Sprat. E. R., 1912. - The formation and physiological significance of root nodules in the Podo- 
carpineae. Ann. Bot., N.S., 26 : 801-814. 

Uemura, S.. 1964. —Isolation and properties of microorganisms from root nodules of non- 
leguminous plants. Bull. Govt Forest Exp. Stn Meguro. 167 : 59-91. 

Yeates. J. S., 1924.—The root nodules of New Zealand pines. N.Z. Jl. Sci. Technol.. 7 : 121-124. 


Proceedings of the Linnean Society of New South Wales, Vol. 97, Part 1 



